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SPECIFICATION 

Electronic Version 1.2.8 
Stylesheet Version 1 .0 

[MASK ROM AND FABRICATION 

THEREOF] 

Background of Invention 

[0001] Field of Invention 

[0002] The present invention relates to a memory structure and a method for fabricating 
the same. More particularly, the present invention relates to a structure of a mask 
programmable read-only memory (Mask ROM) and a method for fabricating the same. 

[0003] Description of Related Art 

[0004] A Mask ROM generally comprises a substrate, a plurality of buried bit lines in the 
substrate and a plurality of word lines crossing over the buried bit lines, wherein the 
substrate under the word lines and between the buried bit lines serves as the channel 
regions of the memory cells. A method for programming a Mask ROM comprises 
implanting ions into the channel regions of selected memory cells to raise their 
threshold voltages, which is called a coding implantation. The data (0/1) stored in a 
memory cell is dependent on the presence/absence of implanted dopants in the 
channel region. 

[0005] 

In a conventional coding process of a Mask ROM, a photoresist layer is formed on 
the substrate and then patterned to form coding windows over the channel regions of 
selected memory cells. An ion implantation is then performed using the photoresist 
layer as a mask to dope the selected channel regions. However, since the coding 
windows do not distribute evenly and there must be some regions with dense coding 
window patterns (dense regions) and some with isolated coding window patterns 
(sparse regions) on the coding photo mask, the critical dimensions (CD) of the coding 
windows are not uniform. It is because the optical proximity effect (OPE) for the dense 
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regions is stronger than that for the isolated regions, and the light intensity through 
the dense regions therefore is higher than that through the sparse regions. The CD 
deviations of coding windows cause misalignments of the coding implantation, which 
may results in severe coding errors to lower the reliability of the Mask ROM product. 

[0006] To prevent CD deviations over the sparse regions and the dense regions, quite a 
few methods are proposed based on the use of phase shift masks (PSM) or on optical 
proximity correction (OPC) techniques. The OPC method forms assistant patterns on 
the photo mask to compensate the CD deviations caused by the optical proximity 
effect (OPE). However, the two methods both need to design special patterns on the 
photo masks, so the fabrication of the photo masks are time-consuming, expensive 
and difficult. Moreover, it is not easy to debug the patterns on such a photo mask 
after the photo mask is fabricated. 

[0007] Moreover, a Mask ROM coding implantation is usually performed with boron ions 
in the prior art. However, the boron dopants implanted into the selected channel 
regions tend to diffuse laterally to the adjacent buried bit lines, while the boron ions 
may even be implanted into a portion of the adjacent buried bit lines because of the 
misalignments or CD deviations of the coding mask. Therefore, the dopant ; 
concentrations of the buried bit lines are lowered to cause higher resistance and 
? smaller electric current. 

Summary of Invention 

[0008] Accordingly, this invention provides a Mask ROM and the fabrication thereof to 
prevent diffusion of the implanted coding dopants into the buried bit lines and 
thereby avoid the current in the buried bit lines from decreasing. 

[0009] This invention also provides a Mask ROM and the fabrication thereof to improve 
the coding accuracy without using phase shift masks (PSM) or optical proximity 
correction (OPC), so as to reduce the cost for fabricating the photo mask. 

[0010] A Mask rom of this invention comprises a substrate, a gate dielectric layer, a 

plurality of gates, a plurality of buried bit lines, an insulator, a plurality of word lines 
and a coding layer. The gates are disposed over the substrate, and the gate dielectric 
layer is disposed between the substrate and the gates. The buried bit lines are located 
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in the substrate between the gates, and the insulator is disposed on the buried bit 
lines and between the gates. Each word line is disposed over a row of gates and the 
insulator perpendicular to the buried bit lines. The coding layer is disposed between 
the word lines and the gates to constitute a plurality of memory cells, and comprises a 
material such as semiconductor. Some memory cells are implanted with coding ions 
and are in a logic state of 1 (or 0), and the other memory cells are not implanted with 
coding ions and are in a logic state of 0 (or 1). 

[001 1] A method for fabricating a Mask ROM of this invention is described as follows. A 
gate dielectric layer is formed on a substrate, and then a strip conductive structure is 
formed on the gate dielectric layer. An ion implantation is performed using the strip 
conductive structure as a mask to form a buried bit line in the substrate beside the 
strip conductive structure. Thereafter, the strip conductive structure is patterned 
perpendicular to the buried bit line to form a plurality of gates. An insulator is formed 
bet ween the gates by, for example, forming an insulating layer on the substrate 
covering the gates and then performing a CMP process or an etching-back process to 
remove a portion of the insulating layer until the gates are exposed. Then, a material 
layer and a conductive layer are sequentially formed over the gates and the insulator, 
wherein the material layer comprises a material such as semiconductor. The 
conductive layer and the material layer are sequentially patterned to form a word line 
over the gates perpendicular to the buried bit line and a coding layer under the word 
line, wherein the coding layer constitutes a plurality of memory cells. A coding mask is 
formed on the substrate. An implantation is then performed using the coding mask as 
a mask to dope selected memory cells, wherein the selected memory cells are in a 
logic state of 1 (or 0), and the other memory cells are in a logic state of 0 (or 1). 

[0012] Since the coding ions are implanted into the coding layer between the gates and 
the word line, the dopants do not diffuse to the buried bit lines to decrease the 
electric current in the buried bit lines. Meanwhile, the buried bit lines are not affected 
even with misalignments or CD deviations of the coding mask, so phase shift masks 
(PSM) or optical proximity correction (OPC) procedures are not required. 

[001 3] Accordingly, this invention is capable of increasing the margin of the Mask ROM 
coding process. 
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[0014] It is to be understood that both the foregoing general description and the 

following detailed description are exemplary, and are intended to provide further 
explanation of the invention as claimed. 

Brief Description of Drawings 

[001 5] The accompanying drawings are included to provide a further understanding of 
the invention, and are incorporated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, together with the description, 
serve to explain the principles of the invention. In the drawings, 

[001 6] FIG. 1 A~l D illustrate a process flow of fabricating a Mask ROM according to a 
preferred embodiment of this invention in a perspective view. 

Detailed Description 

[001 7] FIG. 1 A~l D illustrate a process flow of fabricating a Mask ROM according to a 
preferred embodiment of this invention in a perspective view. 

[001 8] Refer to FIG. 1A, a substrate 100 is provided, and then a gate oxide layer 102 and 
a plurality of strip conductive structures 1 04 are formed on the substrate 1 00, 
wherein the strip conductive structures 1 04 comprise a material such as polysilicon. 
The method for forming the gate oxide layer 1 02 and the strip conductive structures 
104 may be the one described below. A thin oxide layer (not shown) and a conductive 
layer (not shown) are sequentially formed on the substrate 1 00, and then the 
conductive layer and the thin oxide layer are patterned into the strip conductive 
structures 104 and the gate oxide layer 102, respectively. 

[0019] Thereafter, an ion implantation is performed using the strip conductive structures 
1 04 as a mask to form a plurality of buried bit lines 1 06 in the substrate 1 00 between 
the strip conductive structures 1 04. 

[0020] , 

Refer to FIG. IB, the strip conductive structures 104 are patterned perpendicular 

to the buried bit lines 1 06 to form a plurality of gates 1 04a. An insulator 1 08 is 

formed on the buried bit lines 1 06 and between the gates 1 04a to electrically isolate 

the gates 1 04a from each other and from the buried bit lines 1 06. The insulator 1 08 

formed by, for example, forming an insulating layer (not shown) on the substrate 
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covering the gates 104a and then performing a CMP process or an etching-back 
process to remove a portion of the insulating layer until the gates 104a are exposed. 

[0021] Refer to FIG. 1C, a coding layer 1 10 and a plurality of word lines 1 12 thereon are 
formed over the substrate 100, wherein each word line 1 12 is located over a row of 
gates 1 04a and the insulator 1 08. Meanwhile, the coding layer 1 1 0 between the word 
lines 1 1 2 and the gates 1 04a constitutes a plurality of memory cells. The word lines 
1 1 2 and the coding layer 1 1 0 are formed by, for example, sequentially forming a 
global material layer (not shown) and a global conductive layer (not shown) covering 
the gates 1 04a and the insulator 1 08, and then patterning the two perpendicular to 
the buried bit lines 106. The coding layer 1 10 comprises a material such as a 
semiconductor material like undoped polysilicon, and the word lines 1 1 2 comprise a 
material such as doped polysilicon. 

[0022] Refer to FIG. ID, a coding mask 1 14 is formed over the substrate 100 exposing 
portions of the word lines 1 1 2. An ion implantation 1 1 6 is performed using the 
coding mask 1 1 4 as a mask to implant coding ions 1 1 8 into selected memory cells in 
the coding layer 1 1 0. The selected memory cells implanted with coding ions 1 1 8 are 
in a logic state of 1 (or 0), and the memory cells not implanted with coding ions are in 
a logic state of 0 (or 1 ). The coding ions 1 1 8 used to dope the coding layers 1 1 0 are 
preferably PH ^ ions. 

[0023] It is noted that the phosphorous dopants converted from PH ions do not diffuse 
easily to cause coding errors in the preferred embodiment of this invention, so PH 
ions are more preferable in the implantation process as compared with boron ions 
used in the prior art. 

[0024] Re f er to p| C i d j t he Mask ROM according to the preferred embodiment of this 

invention comprises a substrate 1 00, a gate oxide layer 1 02, a plurality of gates 1 04a, 
a plurality of buried bit lines 1 06, an insulator 1 08, a plurality of word lines 1 1 2 and a 
coding layer 1 1 0. The gates 1 04a are disposed on the substrate 1 00, and the gate 
oxide layer 1 02 is disposed between the substrate 1 00 and the gates 1 04a. The 
buried bit lines 1 06 are located in the substrate 1 00 between the gates 1 04a, and the 
insulator 108 is disposed on the buried bit lines 106 and between the gates 104a. 
Each word line 1 1 2 is disposed over a row of gates 1 04a and the insulator 1 08 
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perpendicular to the buried bit lines 1 06. The coding layer 1 1 0 is disposed between 
the word lines 1 1 2 and the gates 1 04 to constitute a plurality of memory cells. The 
memory cells implanted with coding ions 1 1 8 are in a logic state of 1 (or 0), and the 
memory cells not implanted with coding ions are in a logic state of 0 (or 1). 

[0025] In the preferred embodiment, the coding ions are not implanted into selected 
channel regions between the buried bit lines 106, but are implanted into selected 
regions in the coding layer 1 1 0 on the gates 104a. Therefore, the dopants do not 
diffuse to the buried bit lines to decrease the electric current in the buried bit lines. 
Meanwhile, a misalignment to the selected memory cells in the coding layer 1 10 can. 
be tolerated since implanting ions into the coding layer 1 1 0 on the insulator 108 does 
not affect the coding accuracy. Accordingly, this invention is capable of increasing the 
margin of a Mask ROM coding process. Furthermore, since a precise alignment to the 
selected memory cells is not required, the CD deviations of coding windows over the 
dense regions and the sparse regions do not affect the coding accuracy. Therefore, 
the yield of the Mask ROM can be improved. 

[0026] . In summary, with the Mask ROM structure of this invention and the method for 

fabricating the same, the dopants do not diffuse to the buried bit lines to decrease the 
electric current in the buried bit lines. Meanwhile, since the buried bit lines are not 
affected even with the misalignments or CD deviations of the coding mask layer, 
phase shift masks (PSM) or optical proximity correction (OPC) procedures are not 
required. Accordingly, this invention is capable of increasing the margin of the Mask 
ROM coding process. 

[0027] It will be apparent to those skilled in the art that various modifications and 

variations can be made to the structure of the present invention without departing 
from the scope or spirit of the invention. In view of the foregoing, it is intended that 
the present invention covers modifications and variations of this invention provided 
they fall within the scope of the following claims and their equivalents. 
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